Numerous studies focused on the bioaerosols in the areas of industry, agriculture and animal husbandry, concerning both residential and public buildings, have been conducted continuously for many years. The aim of the present work was to determine the concentration and composition of mesophilic bacterial flora in the air of selected medical and veterinary clinics located in the cities and in the countryside. Air sampling was carried out in 2011-2013 in 44 veterinary practices in autumn-winter and spring-summer seasons. The concentration of bacteria ranged from 39 -5,034 cfu/m 3 , with higher values recorded in offices operating in the cities. In the examined medical and veterinary offices, Gram-positive bacteria comprised the largest group of microorganisms, among which Gram-positive cocci of the genus Staphylococcus prevailed, with the highest average of 1,074.40 cfu/m 3 in urban offices during the autumn season. The smallest group was represented by Gram-negative bacteria, with a concentration of 0.0 -215 cfu/m 3 . In total, 93 kinds/species of bacteria were identified. A 12-month series of studies showed the highest mean concentrations of microorganisms in autumn for offices located in the city, while the lowest in winter for rural centres. The environment of veterinary offices is a habitat of pathogenic and potentially pathogenic bacteria, which may pose health problems not only for residents, but also for the animals.
INTRODUCTION
In recent years, an increasing number of veterinary practices have focused on the diagnosis and treatment of diseases affecting animals, predominantly dogs, cats and other small mammals, as well as reptiles, amphibians and exotic birds. Direct contact between veterinarians and diagnosed animals is associated with the risk of contamination. The veterinary staff come in contact with microorganisms present on the skin, mucous membrane or animal hair, and may also be exposed to other potentially infectious factors, including excreta and body fluids [1] . This poses the risk of contamination via the penetration of microorganisms through damaged skin, mucous membranes, and respiratory or digestive tracts [2, 3] . Veterinary clinics create a unique environment where the staff are often exposed to recognized and unrecognized microbial agents, many of which may be of animal origin or a component of the internal building environment and outdoor factors. The transmission of infectious agents requires three elements: the source of pathogens, host susceptibility and the way of transmission. The spread of microorganisms occurs through contact, aerosol and vector organisms (fleas, ticks, which pets can carry) [4] . Bioaerosols are ubiquitous air polluting agents in indoor spaces. They are a complex of dead or living microorganisms, pathogenic or non-pathogenic, cell fragments, spores, products of microorganisms metabolism and parts of plant or animal origin [5, 6] . The exposure to biological aerosols indoors is identified as a significant health threat, causing a number of infectious diseases, acute toxic reactions and allergies. Veterinarians, but also farmers, health care professionals and food industry workers, are the groups at high risk regarding diseases associated with the presence of microorganisms in the work environment [5, 7, 8, 9] . Veterinary clinics, like any other 'enclosed' spaces, are reservoirs of microbiological agents: viruses, bacteria and fungi, the components of bioaerosols, which pose the most common threats,. The main sources of microorganism contamination in veterinary practice are not only animals, but also people, and the components of the indoor environment (walls, floors, equipment) and outdoor air (atmospheric). Exposure to bioaerosols is also a result of the clinic's location (the building itself may also be a reservoir of microorganisms), as well as the specific nature and scope of its activities and seasons [10, 11, 12, 13] . Furthermore, when assessing the degree of veterinary staff's exposure to microbiological agents, one should take into account additional factors, such as species diversity, the type of health problems in treated animals and the frequency of contact [14] . Employees involved in the handling of animals on livestock farms (barns, piggeries, poultry farms, stables) and veterinarians are usually exposed to high levels of bioaerosols, which have been the topic of various studies for many years [15, 16, 17, 18, 19, 20, 21] . In scientific literature, there is a lack of researches on the microbiological quality of air in veterinary practices. The presented study aims to address this issue and to assess the professional risks of veterinary surgeons in their workplace.
OBJECTIVE
The aim of the study was to evaluate the microbiological quality of air in diagnostic and therapeutic veterinary facilities located in cities and rural regions, and to analyze the bacteria concentrations in all seasons.
MATERIALS AND METHOD
The study was conducted in 44 medical and veterinary surgeries in the period of 2011-2013. The clinics were located in urban and rural provinces of Lubelskie and Świętokrzyskie provinces of Poland, mostly run by individual farmers. Sampling was carried out in autumn (September, October, November), winter (December, January, February), spring (April, May) and summer (June and August). A total of 27 clinics were examined in autumn, 16 of which were urban and 11 rural. In winter, sampling was conducted in 17 veterinary clinics -10 urban and 7 rural. Tests carried out in the last year of the study in spring and summer focused on 26 practices located in the city examined earlier during autumn and winter. The samples were collected during admissions hours, with doors and windows closed, safe from any air currents. Air conditioning equipment was not installed in the surveyed areas. Sampling was carried out with the use of Koch's free sedimentation method, which requires open Petri dishes with appropriate culture media to be left (for 30 minutes) in 3 different positions places in each tested room: slightly above floor level, at the procedure table and at eye-level. The plates containing a blood agar (tryptic soy agar (TSA) medium with 5% defibrinated sheep blood), for the isolation and identification of mesophilic Gram-positive and Gram-negative bacteria, differentialselective EMB substrate with methylene blue and eosin for identification of Gram-negative bacteria and Chapman agar for isolation of mannitol-positive and mannitol-negative staphylococci, were used. After incubation at 37 °C (for one day), at room temperature 20-22 °C (for 2 days) and at 4 °C (for 3 days), macro-and microscopic evaluation of grown microorganisms was carried out, morphological types were assessed, and the identification of the most abundant colonies was performed using biochemical tests: Mikrolatest for Gram-negative rods and Gram-positive cocci (Erba Lachema s.r.o., Brno, Czech Republic) and GP2 MicroPlate™ test for Gram-positive rods (Biolog, Inc., Hayward, CA, USA). The number of bacteria grown on these media at various levels of sampling was summed and averaged. The concentrations of microorganisms in 1 m 3 of air was determined as colony forming units (cfu/m 3 ) using Omelianski's formula (Polish Standard PN-89/Z-04111/02).
X -number of microorganisms in air (cfu/m 3 ) A -mean number of colonies on a plate P -surface of a plate (cm 2 ) k -factor depending on the time of exposure (k = 1 for 5 min, k = 2 for 10 min, k = 3 for 15 min, k = 6 for 30 min).
To assess the microbiological status of the air, different methods are used: sedimentation, collision and filter method, each of which has advantages and disadvantages.
The sedimentation method selected for this study, although displaced by measurements using standardized equipment, is still used and does not require any control instruments, and is cheap and recommended by Polish Standards PN-89/Z-04008/08. In addition, it is considered to be one of the ways to evaluate surface contamination by microorganisms in the air [22] . Krogulski [22] , having performed parallel measurements for comparative purposes under strictly controlled conditions (no air movement), obtained results which did not show significant differences between the total numbers of bacteria inside buildings determined with the use of aspiration and sedimentation methods.
Statistical analysis. Statistical significance of differences between the abundance of the isolated microorganisms was calculated with the rank test U Mann-Whitney. All calculations were performed for p ≤ 0.05 using Statistica v. 10.0 PL.
RESULTS
The study showed the presence of mesophilic Gram-positive bacteria in all veterinary offices. The total number of airborne bacteria isolated on TSA blood agar varied from 39 -5,034 cfu/m 3 . Average values (cfu/m 3 ) of all microorganisms grown on the agar ranged from 226.9 in the offices located in the countryside to 2,121.80 in urban practices during the winter and autumn seasons. The great majority of bacteria grown on blood agar (Gram-positive cocci, Grampositive rods, Gram-negative rods, bacilli and mesophilic actinomycetes), were most strongly represented in urban practices in autumn. Throughout the study period, a decrease in the number of Gram-positive cocci and Gram-positive rods in winter and spring was noted in these practices, and then an increase in number was reported in summer.
In the case of Bacillus spp. and mesophilic actinomycetes, a decrease in winter was followed by growth during the spring and summer. A statistically significant higher number of microorganisms isolated on blood agar was found in urban areas during summer, compared to the analogous period in rural areas for the following: Similar calculations were made regarding the significance of differences between seasons for urban practices. It was noted that the number of Gram-negative rods during spring was significantly lower than during summer (p=0.01) and autumn (p=0.04). The number of Gram-positive rods reached its lowest value in spring and was significantly different from the numbers isolated during autumn (p=0.008), winter (p=0.008) and summer (p=0.01).
Among Table 3 . Offices with species/kinds of bacteria isolated on blood agar are listed in Table 4 .
Gram-negative rods occurred in 66% of examined veterinary clinics. In all of the tested positions, 13 species of Gram-negative rods were found. Stenotrophomonas maltophilia was the most commonly isolated bacterium, observed in 9 practices, mainly in autumn and summer. The smallest species diversity in a group of Gram-negative rods was found in health-care centres located in the countryside during the winter season, and in the cities in the spring season. The summary of data concerning the concentration and percentage Gram-negative rods is shown in Table 5 . Offices with Gram-negative rods isolated on EMB agar are listed in Table 6 .
Staphylococcus xylosus and S. haemolyticus were the most frequently identified species among the mannitol-positive cocci grown on Chapman agar. Both species reached the highest mean values (cfu/m 3 ), respectively: 70.20 in winter and 63.67 in summer. Potentially pathogenic strains of Staphylococcus aureus were found in amounts ranging from 
Cellulomonas flavigena 21

Clavibacter michiganensis ss insidiosus 2 12
Corynebacterium afermentans ss afermentans (CDC.ANF-1) 1, 20 2 14
Corynebacterium amycolatum 32
Corynebacterium auriscanis 26
Corynebacterium nitrilophilus 3
Corynebacterium pseudodiphtheriticum propinquum (CDC.ANF-3) 28
Corynebacterium spp. (CDC.G) 3 Table 7 . Offices with cocci isolated on Chapman agar are listed in Table 8 .
DISCUSSION
At the present time, the issue of control over microbiological purity of the air is insufficiently developed in Polish legislature. Due to the lack of precise standards regarding air pollutants in veterinary clinics, the obtained results referred to the rooms of residential and non-industrial purposes [8] . According to suggestions made by Górny and Dutkiewicz [23] , the acceptable concentration for mesophilic bacteria in these rooms is up to 5,000 cfu/m 3 . The average values identified in this study are placed in the range of 226.9 cfu/m 3 -2121.80 cfu/m 3 , thus, not exceeding the safety level. Neither in Poland nor worldwide has such research been conducted in case of veterinary clinics. Few available publications address the problem of microbiological quality of air in small animal veterinary clinics and pet stores [24, 25] . The highest average concentration of microorganisms in pet stores in South Korea during winter was 2,037 cfu/m 3 , the lowest 301 cfu/m 3 , and in summer,respectively, 1,808 and 773 cfu/m 3 . Similar values have also been observed in animal clinics with the maximum and minimum average in winter at 3,604 and 234 cfu/m 3 , while in summer it was reported at 1,580 and 439 cfu/m 3 [24, 25] . These results show similar values to those obtained in Polish veterinary clinics, with the highest levels reported during autumn in the cities -2,121.80 cfu/m 3 (the research in South Korea was not performed in autumn), and the lowest in winter in rural centers -226.9 cfu/m 3 . Moreover, it was noted that the air-purifying devices installed in some pet stores and veterinary clinics had no effect on the quality of the air [24, 25] . Regardless of the type of object, bioaerosol concentrations were significantly higher Table 1 in winter than in summer. A similar relationship was found in this study, as it concerned the statistically significant differences in total bacteria concentrations between urban and rural offices in winter and summer. According to Jones [10] , outdoor air is a major source of microorganisms found indoors, especially in summer and autumn. Following this statement, and assuming that urban air is characterized by higher concentrations of bacteria, compared to rural areas in the same geographical region [26] , some differences in the concentrations of microflora in veterinary practices can be explained to certain extent. It should be emphasized, though, that this is not the only reason behind this phenomenon. The composition of atmospheric bioaerosol is the result of diversity of environmental sources (soil, leaf surfaces and other plant tissues, plant litter, etc.) [27, 28] . Certain groups of bacteria show noticeable changes in their abundance in particular seasons and can be associated with a particular habitat. This variability suggests that local environmental sources play a significant role in their shaping. In own study, the genera of Arthrobacter, Cellulomonas, Microbacterium and Corynebacterium were isolated, which commonly occur in soil, water or are related to vegetation [29, 30] . Therefore, the season itself and environmental conditions, except some other minor factors, have a significant impact on the qualitative and quantitative composition of microorganisms.
The 'other factors' include the presence of humans and animals, their size and level of activity, as well as reflexes of sneezing and coughing associated with the breathing process [28] . Both the human body and animal hair create a natural habitat for a number of microorganisms which are released into the air and are deposited on the fittings and the floor.
The high content of bacteria specific for skin, nose and human hair, found in the air and the dust, indicate that the floor is an important reservoir for human bacteria which, being resuspended, have a strong influence on the structure of the microbial population in air [31] . Apart from humans, animals can be a major source of bacteria in indoor spaces, especially in those places where their congestion is considerable. Fujimura et al. [12] reported a large increase in the number and diversity of bacteria in domestic dust, of which the major part was probably transported from outside on animals' hair. This suggests why, in addition to external and seasonal factors, low levels of bacterial bioaerosol in rural veterinary offices were reported. Veterinary work in rural areas focuses rather on dealing with farm animals. Thus, visiting patients away from the clinic is more frequent, while the number of admissions of small animals (dogs, cats) is smaller, which is a result of the specific nature of the field-work as well as the resident's needs for veterinary care of accompanying animals.
Especially noteworthy are the results obtained by Harper et al. [24] who conducted a study of bacterial pollution in a small animal clinic. They observed higher concentrations of microorganisms in areas where the animals were housed on a 24-hour basis, including those that experienced intense mixing of air as a result of the opening of doors and windows, movement of personnel, and lack of regular cleaning of ventilation ducts. A smaller number of microorganisms were present in the air after cleaning. The highest levels of bacterial contamination of air ranging from 500 cfu/ m 3 (in the morning) -300 cfu/m 3 (in the afternoon, after cleaning) were found by Harper et al. [24] in the premises where the animal stay was permanent -in cages and postprocedural room (observational). The concentrations in ambulatory rooms were, respectively, 50 and 200 cfu/m 3 . There were statistically significant differences in the amount of microorganisms in these rooms in the morning and in the afternoon.
For comparison, in the presented study, in areas where admissions were being made, significantly higher concentrations of the total number of bacteria ranging from 39 -5,034 cfu/m 3 were detected. Most probably a couple of factors had an impact on it: first of all, the importance of the sampling season is unquestionable (Harper et al. do not specify the time of year in which their study took place), the type of substrate used for the isolation of bacteria, the nature of the facility, the elevation at which sampling was carried out (in Harper's study it was at 1.5 m, in the current study there were 3 different levels), and the presence or absence of air conditioning. Bacterial flora found by Harper et al. was mostly represented by numerous species of the genus Micrococcus, Staphylococcus, Corynebacterium and Bacillus, while Micrococcus and Staphylococcus were the most frequently isolated groups of bacteria. Besides, in those rooms where animals were staying at all times, the amount of Micrococcus was significantly higher than any other bacteria (p <0.05). The concentrations of Gram-negative bacteria in the presented study accounted for the lowest percentage of all the isolated bacteria, and were similar to the results obtained by Harper et al. [24] . The results obtained by Noris et al. [32] may provide some explanation for the similarity, as they showed that bacteria present in house dust, especially Gram-negative bacteria, are not of human origin and their occurrence is presumably due to the outside air. A minor concentration of Gram-negative bacteria in the bioaerosol of veterinary practices, compared with a higher concentration of Gram-positive, may also result from the increased resistance of Gram-positive bacteria and their ability to survive in strong sunlight [26, 33] . Studies of the bacterial bioaerosol in veterinary practices and small animals clinics [24, 25] showed significant similarity to the composition of the microflora of residential and office buildings, where Gram-positive cocci (species Micrococcus spp., Staphylococcus spp.) were the most common microorganisms. Their presence was also detected in the outside air; however, the concentration was higher indoors, prevailing in summer compared to winter [34] . The presented study indicates that veterinary clinics create habitats for many Gram-positive cocci, including pathogens opportunistic for humans and animals.
Among the species of greatest clinical significance, coagulase-positive staphylococci were isolated: Staphylococcus aureus subsp. aureus, S. aureus subsp. anaerobius and S. intermedius, some of which may exhibit resistance to methicillin. The methicillin-resistant S. aureus (MRSA) and methicillin-resistant S. pseudintermedius (MRSP) have been a problem in veterinary medicine for many years for both animals and public health. MRSA occur in clinically healthy animals, although they are often the cause of many opportunistic infections. In veterinary practice, they become an important factor of occupational risk due to constant and direct contact between the staff and animals. There are studies which have shown a similarity between human and animal strains of MRSA, which may suggest transmission between the species [35] . Also, a sharp increase in the number of nonhospital MRSA infections in healthy individuals in recent years points to other sources of these microorganisms [36] . Methicillin-resistant Staphylococcus are a major challenge for medicine, but soon it may appear that methicillin susceptible strains of S. pseudintermedius (MRSP) will become a major challenge for public health because, as shown by Paul et al. [37] , they colonize humans more effectively than HMRSA.
CONCLUSIONS
1)
In rural clinics, the mean number of microorganisms isolated on blood agar (in each of the separated groups) was lower compared to urban clinics. 2) Gram-positive cocci of Staphylococcus genera and Grampositive rods (Brevibacterium, Corynebacterium) were prevalent in urban clinics during summer and autumn. 3) In the examined clinics, the total concentration of bacteria was within the range of 39 -5,034 cfu/m 3 , and in most cases did not exceed the proposals of acceptable concentrations for residential rooms and offices. However, the presence of pathogenic microorganisms and prolonged exposure can create a health risk for allergic symptoms in staff. 4) Studies have shown that the concentration and type/ species composition of microorganisms in the air in veterinary facilities may be correlated with external climatic conditions and habitats, as well as placement (town, village). 5) This attempt to evaluate the aerogenic microflora in a veterinary practice is the first of its kind in Poland, and one of the few in the world. It is therefore appropriate to conduct further research and incorporate air quality monitoring for current assessment of the exposure to potentially pathogenic microorganisms.
